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(57) ABSTRACT

A method for preventing the deterioration of an electrode
caused by the build up of deposits 1 openings of the
clectrode. Gas 1s supplied to each of the openings 1n order
to prevent deposits from adhering to the openings before or
after the etching treatment.
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1

METHOD FOR PREVENTING ELECTRODLE
DETERIORATION IN ETCHING APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method for preventing
clectrode deterioration 1n an etchung apparatus used in the
manufacture of semiconductors.

2. Description of Related Art

FIGS. 7TA, 7B, 8A, and 8B illustrate a series of conven-
tional treatment steps performed 1n a reaction chamber 10 of
an etching apparatus used in the manufacture ol semicon-
ductors. The structure of the reaction chamber 10 will be

described through reference to FIGS. 7A to 8B.

As shown 1n FIG. 7A, the reaction chamber 10 of the
ctching apparatus comprises 1n its interior an electrode 12
and a discharge component 14. The discharge component 14
1s provided facing the electrode 12, and a high-frequency
power supply (RF power supply) 16 1s connected.

As 1s commonly known, the etching gas 1s usually 1ntro-
duced into the reaction chamber 10 through a plurality of
vents made 1n the discharge component 14. When a high-
frequency voltage 1s applied from the RF power supply 16
to the discharge component 14, whose vents are not shown
in FIG. 7A, a plasma 1s generated between the discharge
component 14 and the electrode 12. The high-frequency
voltage 1s sometimes applied to the electrode 12.

The plasma thus generated 1s used to perform etching in
the reaction chamber 10. This etching treatment will now be
described.

First, the steps shown mn FIGS. 7A and 7B will be
described. As shown 1 FIG. 7A, a substrate 26 1s put 1n
place on the electrode 12 after being transferred from a load
lock chamber (not shown) into the reaction chamber 10.
Specifically, the substrate 26 1s fixed on the electrode 12 by
a clamping apparatus 28 or other such means. FIG. 7A
shows how the substrate 26 i1s fixed on the electrode 12 by
clamping the ends of the substrate with this clamping
apparatus 28. In the steps discussed below, the fixing of the
substrate 26 1s accomplished in the same manner as shown
in FIG. 7A.

The electrode 12 has a plurality of openings 24. These
openings 24 are each connected to a gas line 22. As shown
in FIG. 7A, the gas line 22 comprises a cooling gas line 20,
and an exhaust line 18 connected to the cooling gas line 20
via a fourth valve 32. A turbo pump (1P) 40 and an exhaust
valve 42 provided between this turbo pump 40 and the
reaction chamber 10 are installed along the exhaust line 18.
When this exhaust valve 42 1s open, the exhaust gas nside
the reaction chamber 10 1s purged by the turbo pump 40.

Meanwhile, the cooling gas line 20 1s connected between
a cooling gas source (not shown) and the plurality of
openings 24. This cooling gas line 20 1s provided with a
master valve 21, a pressure gauge 38, a mass flow controller
(hereinatter referred to simply as MFC) 36, and a third valve
30, sequentially from the cooling gas source side to the
openings 24 side. The above-mentioned fourth valve 32 1s
provided to a gas passage line (branched line) 23 that
connects, or links, the third valve 30 of the cooling gas line
20 and the openings 24, and the exhaust valve of the exhaust
line 18 and the turbo pump 40.

The substrate 26 1s installed on the electrode 12. With the
fourth valve 32 closed, cooling gas 1s supplied from the
cooling gas line 20 to each of the plurality of openings 24.
Usually, when the substrate 26 1s being etched, the surface
temperature of the substrate 26 1s raised by heat from the

10

15

20

25

30

35

40

45

50

55

60

65

2

plasma and the reaction heat of the etching, which causes the
etching rate to vary and results in an uneven etching rate
over the surface of the substrate 26. The third valve 30 is
installed along the cooling gas line 20. Opening this third
valve 30 and supplying cooling gas prevents the etching rate
from becoming uneven as discussed above. The mass tlow
controller (hereinafter referred to as MFC) 36 and a pressure
gauge 38 are installed along the cooling gas line 20, and the
cooling gas flux and pressure 1n this cooling gas line 20 are
controlled by the MFC 36 and the pressure gauge 38.
Helium (He) or another rare gas 1s generally used as the
cooling gas.

The master valve 21, the third valve 30, the fourth valve
32, and the exhaust valve 42 shown in FIGS. 7A and 7B are
shown white when 1n an open state and black when closed.
Similarly, the open and closed states of the valves 21, 30, 32,

and 42 are shown white or black 1n FIGS. 8A and 8B. The
structure of the gas line 22 1s the same in FIGS. 7A, 7B, 8A,
and 8B.

As discussed above, the film provided on the surface of
the substrate 26 1s etched 1n a state in which cooling gas 1s
supplied from the plurality of openings 24 to the rear face of
the substrate 26 fixed on the electrode 12. FIG. 7B shows
how this film 1s etched on the surface of the substrate 26
using a plasma 34 generated by the procedure detailed
above. The third valve 30 1s open and the fourth valve 32 1s
closed along the gas line 22 shown 1n FIG. 7B.

Next, the treatment performed after the step 1n FIG. 7B
will be described through reference to FIGS. 8A and 8B. The
application of the high-frequency voltage and the supply of
the etching gas into the reaction chamber 10 are halted to
conclude the etching of the substrate 26. After this, as shown
in FIG. 8A, the third valve 30 1s closed and the supply of
coohng gas to the openings 24 1s shut off. The fourth valve
32 1s opened, meanwhile, and the cooling gas between the
third valve 30 and the openings 24 1s purged to the exhaust
line 18.

Then, as shown 1n FIG. 8B, with both the fourth valve 32
and the third valve 30 closed, the clamping apparatus 28 1s
released, and the etched substrate 26 1s conveyed from the
reaction chamber 10 to an unloading chamber (not shown).
The series of etching operations to which the substrate 26 1s
subjected 1s complete at this point.

The etching of substrates 1s carried out repeatedly in the
reaction chamber of the etching apparatus by the procedure
described above. While an etched substrate 1s being con-
veyed to the unloading chamber, that 1s, during the so-called
non-etching period between one etching treatment and the
next, the surface of the electrode 1s exposed inside the
reaction chamber. The openings in the electrode are also
exposed 1nside the reaction chamber during this time.

In this state, there 1s a fear that components separated
from the reaction product generated during etching will be
adsorbed to these openings. There 1s also another fear that
the openings will be plugged when the above-mentioned
separated components build up on the electrode and these
deposits fall or find their way 1nto the openings.

The size, number, layout, and so forth of the openings 1n
the electrode are designed ahead of time according to the
uniformity of substrate etching and other such characteris-
tics. Therefore, 11 deposits adhere to the openings as men-
tioned above, the size of the opemings will change, and as a
result there will be a substantial change 1n the number,
layout, and other aspects of these openings. As a result, the
elliciency at which the substrate 1s cooled during etching 1n
the reaction chamber decreases, resulting 1n a change 1n the
etching characteristics.
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SUMMARY OF THE INVENTION

The present invention was conceived in light of the above
problems, and 1t 1s therefore an object of the present inven-
tion to provide a method for preventing the deterioration of
an electrode due to the build-up of deposits 1n openings.

With the method of the present invention for preventing,
clectrode deterioration, deposits are prevented from adher-
ing in a plurality of openings 1n the electrode by sending a
gas through the opemings before or after the etching that 1s
to be performed at the present time. The gas sent through
these openings 1s supplied through a gas line.

For instance, while a substrate 1s being conveyed after
undergoing a specific etching process, the reaction chamber
1s 1n a state 1 which no etching 1s being performed, and the
clectrode surface at this point 1s exposed 1nside the reaction
chamber, as described above. With the method of the present
invention for preventing electrode deterioration, deposits
can be eflectively prevented from adhering to a plurality of
openings by spraying any suitable gas at these openings
during the non-etching period.

Also, a discharge component 1s provided facing the elec-
trode 1n the reaction chamber of an etching apparatus having,
a favorable mechamism for preventing electrode deteriora-
tion by the application of the method described above. In
this etching apparatus, the above-mentioned method of the
present invention for preventing electrode deterioration 1s
performed after a substrate has been etched using a plasma
generated between the discharge component and the elec-
trode.

As mentioned above, the electrode deterioration preven-
tion method of the present invention prevents deposits from
adhering to the plurality of openings made 1n the electrode.
Thus, 11 an electrode deterioration prevention mechanism
that allows the method of the present invention to be carried
out 1s provided to an etching apparatus, changes in the size,
number, and layout of the plurality of openings in the
clectrode are suppressed, and therefore any decrease 1n the
cooling etliciency of the substrate during the etching per-
formed 1n the reaction chamber, and any deterioration in the
clectrode that would be caused by a change in the etching
characteristics can be prevented.

In implementing the present invention, 1t 1s preferable for
the etching apparatus to be equipped with an electrode
deterioration prevention mechanism structured as follows.

An electrode that 1s provided to the reaction chamber of
the etching apparatus, comprising:

an electrode that supports a substrate being etched and has
a plurality of openings, and a gas line for sending gas to each
of the openings in order to prevent deposits from adhering
to the openings.

The gas line includes:

a gas supply line communicating with each of the open-
ings, and

an exhaust line connected to a gas supply line for purging
the exhaust gas or gas i1n the reaction chamber.

The gas may preferably be a cooling gas.

The gas supply line 1s equipped with a mass flow con-
troller (hereinafter referred to as MFC) that keeps the flow
of the cooling gas between 1.69x107" and 8.45x107" (Pa
(m>/s)).

The gas supply line 1s equipped with a first valve and a
second valve which are used for pre-charging the cooling
gas 1to the gas supply line.

When the gas 1s a cooling gas,

the gas supply line includes:

a first cooling gas line that supplies cooling gas, and
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4

a second cooling gas line that 1s connected to the first
cooling gas line and has first and second valves used for
pre-charging the cooling gas.

—

T'he gas may preferably be a cleaning gas.

-

T'he gas supply line includes:
a cooling gas line for supplying cooling gas, and

a cleaning gas line that 1s connected to the cooling gas line
and supplies cleaning gas to each of the openings.

-

T'he openings have a tapered shape, such that the width of
the openings continuously increases toward the side of the
clectrode facing the substrate.

An etching apparatus preferably has an electrode deterio-
ration prevention mechanism, and

1s equipped with a discharge component provided facing
the electrode i1n the reaction chamber, for generating a
plasma used for etching between the discharge component
and the electrode.

An etching method comprises providing a discharge com-
ponent facing an electrode 1n a reaction chamber, and

preventing electrode deterioration after the plasma gen-
crated between the discharge component and the electrode 1s
used to etch a substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features and advantages
of the present mnvention will be better understood from the
following description taken 1n connection with the accom-
panying drawings, in which:

FIGS. 1A, 1B, and 1C are flow diagrams of the treatment

steps 1n a first embodiment of the electrode deterioration
prevention method of the present invention;

FIGS. 2A and 2B are flow diagrams of the treatment steps
in a second embodiment of the electrode deterioration
prevention method of the present invention;

FIGS. 3A and 3B are flow diagrams continuing from FIG.
2B;
FIGS. 4A and 4B are flow diagrams of the treatment steps

in a third embodiment of the electrode deterioration preven-
tion method of the present invention;

FIGS. 5A and 5B are flow diagrams continuing from FIG.
4B;

FIG. 6A 15 a diagram illustrating the shape of openings 24,
and FIG. 6B 1s a diagram 1illustrating the shape of openings
624 1n a variation example of the present invention;

FIGS. 7A and 7B are flow diagrams of the treatment steps
in a conventional electrode deterioration prevention method;
and

FIGS. 8A and 8B are flow diagrams continuing from FIG.
78;

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

With reference to the drawings, embodiments of the
present mvention will now be described hereinbelow. The
various drawings mentioned in the following description are
nothing but simplified depictions of the constituent ele-
ments, intended to facilitate an understanding of the present
imnvention, and 1t should therefore be understood that the
present invention 1s not limited to the depicted examples
alone. Those constituent elements that are the same in the
various drawings are numbered the same, and redundant
descriptions thereof will be omitted except when special
explanation 1s necessary.
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First Embodiment

A first embodiment of the present invention will be
described. FIGS. 1A, 1B, and 1C are flow diagrams of the
steps 1n the first embodiment. First, the constitution of the
first embodiment will be described through reference to FIG. 5
1A. The constitution shown in FIGS. 1B and 1C is the same
as that described below.

The electrode deterioration prevention mechanism in the
first embodiment 1s provided to a reaction chamber 10 of an
etching apparatus. With the constitution shown 1n FIG. 1A, 10
the electrode deterioration prevention mechamism 1n the first
embodiment comprises an electrode 12 provided inside the
reaction chamber 10, and a gas line 122. The electrode 12
supports a substrate 26 that 1s to be etched, and has a
plurality of openings 24. The reaction chamber 10 and the 15
gas line 122 have the same constituent elements as 1n the
conventional example shown in FIGS. 7 and 8. Thus, those

constituent elements that are the same as i1n the conventional
example shown in FIGS. 7A, 7B, 8A and 8B are numbered

the same as 1n FIGS. 1A, 1B, and 1C, and redundant 20
description will be omitted.

As already described through reference to FIGS. 7A, 7B,
8A and 8B, the substrate 26 here 1s preferably fixed on the
clectrode 12 by some means such as a clamping apparatus
28. 25

The gas line 122 comprises a gas supply line 120 that 1s
connected to each of the openings 24, and an exhaust line 18
that 1s connected to this gas supply line 120 via a sixth valve
132. In the first embodiment, the exhaust line 18 1s prefer-
ably constituted the same as described above through ref- 30
erence to FIGS. 7A, 7B, 8A and 8B. Redundant description
of the exhaust line 18 will therefore be omitted. The gas
supply line 120 also doubles as a cooling gas line. The
cooling gas line 120 in the first embodiment will be
described 1n detail below. 35

The operation of the various constituent elements of the
clectrode deterioration prevention mechanism in the first
embodiment will now be described through reference to the
flow diagrams of FIGS. 1A, 1B, and 1C. The steps 1llustrated
in FIGS. 1A to 1C will now be described for a case in which 40
these steps are performed subsequently to the series of
etching steps described through reference to FIGS. 7A, 7B,
8A and 8B.

The process carried out upon completion of the series of
ctching steps described through reference to FIGS. 7A, 7B, 45
8A and 8B (that 1s, the non-etching period in which no
ctching 1s performed) will be referred to as the post-etching
process. The process prior to the series of etching steps
described through reference to FIGS. 7A, 7B, 8A and 8B
(that 1s, the non-etching period in which no etching 1s 50
performed) will be referred to as the pre-etching process.

The unloading chamber and load lock chamber are not
shown 1n FIGS. 1A to 1C.

With the first embodiment, the cooling gas line 120 shown
in FIG. 1A 1s connected between a cooling gas supply line 55
(not shown) and the openings 24. The gas line 120 has the
same structure and the same operating function as the
cooling gas line 20 shown in FIGS. 7A, 7B, 8A and 8B.
Specifically, during etching, cooling gas is supphed from a
gas supply source to each of the openings 24 through the 60
cooling gas line 120 in order to cool the substrate 26. A fifth
valve 130 1s istalled along the cooling gas line 120. The
cooling gas 1s supplied to the openings 24 through the open
fifth valve 130. Just as with the cooling gas line 20 shown
in FIGS. 7A, 7B, 8A and 8B, 1t 1s preferable 1if an MFC 36 65
and a pressure gauge 38 are 1nstalled upstream from the fifth
valve 130 (on the gas supply source side) along the cooling,

6

gas line 120 in the first embodiment. The configuration
makes 1t possible for the flux and pressure of the cooling gas
in the cooling gas line 120 to be kept at favorable levels by
the MFC 36 and the pressure gauge 38. It 1s also preferable
for the cooling gas used 1n the first embodiment to be a rare
gas, just as 1n the conventional example described through
reference to FIGS. 7A, 7B, 8A and 8B.

FIG. 1A illustrates the step immediately following the
step described through reference to FIG. 8A above. As
shown 1in FIG. 1A, with the master valve 21, the fifth valve
130 and the sixth valve 132 closed, the exhaust valve 42 1s
opened and the turbo pump 40 1s actuated to purge the
cooling gas from reaction chamber 10. The etched substrate
26 1s then unclamped by the clamping apparatus 28 by which
it had been fixed on the electrode 12.

The various valves 1n FIGS. 1A to 1C are shown white
when 1n an open state and black when closed, just as in
FIGS. 7A, 7B, 8A and 8B.

Following the step shown mn FIG. 1A and discussed
above, the step i FIG. 1B 1s performed. In FIG. 1B, the
substrate 26 1s transierred to the unloading chamber. At this
point the upper surface of the electrode 12 on which the
substrate 26 was placed becomes exposed nside the reaction
chamber 10. In this state, as described previously, there 1s a
tear that deposits such as components separated from the
reaction product produced in the reaction during etching
may find their way into each of the openings 24 and adhere
thereto (that 1s, adsorption or build-up).

In view of this, with the first embodiment, the master
valve 21 and the fifth valve 130 are opened during the
transfer of the substrate 26 so that cooling gas will be
supplied from the gas supply source to each of the openings
24 1n the electrode 12, and the gas supply prevents deposits
from getting into the openings 24. The flux of cooling gas
flowing to the cooling gas line 120 here 1s preferably low
enough that the gas can be purged without placing a burden
on the turbo pump (TP) 40 of the exhaust line 18. Specifi-
cally, the flux of cooling gas in the cooling gas line 120
should be controlled by the MFC 36 to the desired numerical
value within a range of from 1.69x107! to 8.45x10~! (Pa
(m>/s)). With the first embodiment, the optimal flux of
cooling gas in the cooling gas line 120 is 1.69x10~" (Pa
(m>/s)).

The numbering of the openings 24 1s omitted 1n FIG. 1B.
Also, the arrows attached to the openings 24 indicate how
the coohng oas supphed from the cooling gas line 120 passes
through the openings 24 and flows 1nto the reaction chamber

10. The sixth valve 132 1s closed 1n the step shown 1n FIG.
1B.

The substrate 26 1s transierred from the load lock chamber
into the reaction chamber 10. More specifically, 1n the step
shown 1n FIG. 1C, the master valve 21 and the fifth valve
130 are closed, and immediately after the supply of cooling
gas to the openings 24 1s complete, the substrate 26 trans-
terred from the load lock chamber 1s placed on the electrode
12, as indicated by the white arrow 1n FIG. 1C. In the step
shown 1n FIG. 1C, the sixth valve 132 1s closed. Also, the
number of the openings 24 1s omitted 1n FIG. 1C.

As discussed above, with the first embodiment, deposits
are prevented from getting into the openings 24 by supply-
ing cooling gas from the gas supply line 120 during the
non-etching period, which 1s the post-etching period shown
in FIG. 1B. As a result, in the first embodiment the supply
of cooling gas prevents the adhesion of deposits that find
their way 1to the openings 24.

Furthermore, with the first embodiment, deposits can also
be prevented from getting into the openings 24 by supplying
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cooling gas from the cooling gas line 120 1n the pre-etching
period by the same procedure as in the step described
through reference to FIG. 1B. In this case, the supply of
cooling gas in the non-etching period that 1s the pre-etching
period prevents the adhesion of deposits that have found
theirr way 1nto the openings 24.

Second Embodiment

A second embodiment of the present invention will now
be described hereinbelow. FIGS. 2A, 2B, 3A, and 3B are
flow diagrams of the treatment steps 1n the second embodi-
ment.

First, the constitution of the second embodiment will be
described with reference to FIG. 2A. The constituent ele-
ments shown 1in FIGS. 2B, 3A, and 3B are the same as those
described below.

The electrode deterioration prevention mechanism 1n this
second embodiment has the same constitution as 1n the first
embodiment already described through reference to FIG.
1A. Thus, in FIGS. 2A, 2B, 3A, and 3B, those constituent
clements that are the same as in the first embodiment are
numbered the same, and redundant description of these
clements will be omitted except when special explanation 1s
necessary.

In the second embodiment, a gas line 222 comprises a gas
supply line 220 and the exhaust line 18. It 1s preferable for
the exhaust line 18 to be constituted the same as 1n the first
embodiment. Thus, that part of the constitution of the
exhaust line 18 that 1s the same as in the first embodiment
1s numbered the same 1n FIG. 2A, and redundant description
will be omitted.

The gas supply line 220 in the second embodiment 1s
characterized by being equipped with a first cooling gas line
216 and a second cooling gas line 218 connected together 1n
parallel between the openings 24 and the gas supply source.
The first cooling gas line 216, which 1s one branch of the
line, corresponds to the gas supply line 120 described
through reference to FIGS. 1A to 1C 1n the first embodiment.

Therefore, the first cooling gas line 216 comprises a
master valve 21a, a pressure gauge 38a, an MFC 36, and a
fifth valve 130, 1n that order from the gas supply source side
to the openings 24 side. These constituent elements operate
the same as discussed above, and redundant description
thereol will be omitted. The cooling gas used in the second

embodiment 1s preferably a rare gas, just as 1n the conven-
tional example described through reference to FIGS. 7A,
7B, 8A and 8B.

The second cooling gas line 218, which 1s the other
branch of the line, comprises a master valve 21b, a pressure
gauge 385, a second valve 232, and a first valve 230, 1n that
order from the gas supply source side to the openings 24
side. The second valve 232 and the pressure gauge 38b are
provided as needed. The pressure of the second cooling gas
line 218 can be controlled with this pressure gauge 38b.

With the second embodiment, as shown 1n FIG. 2A, 1t 1s
preferable for the fifth valve 130 to be provided following
the openings 24 1n the first cooling gas line 216. The first
valve 230 of the second cooling gas line 218 1s connected
between the openings 24 and the fifth valve 130, as 1s the
sixth valve 132.

Meanwhile, the first and second cooling gas lines 216 and
218 are connected to each other and linked to the gas supply
source on the downstream side of the master valves 21a and

21b.

Further, in FIG. 2A, the line from the fifth valve 130 on,
going toward the gas supply source with respect to the
openings 24 along the first cooling gas line 216, 1s provided
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in parallel with the line from the first valve 230 on, going
toward the gas supply source with respect to the openings 24
along the second cooling gas line 218. It 1s preferable i1 the
line from the above-mentioned first valve 230 on 1n the
second cooling gas line 218 1s connected to the line from the
fifth valve 130 on 1n the above-mentioned first cooling gas
line 216, via the second valve 232 provided following the
first valve 230.

Next, the operation of the various constituent elements 1n
the electrode deterioration prevention mechanism of the
second embodiment will be described through reference to
FIGS. 2A and 3B. The steps shown in FIGS. 2A to 3B will
be described for a case 1n which these steps are performed
in the post-etching period described through reference to
FIGS. 7A, 7B, 8A and 8B, just as in the first embodiment.
Also, just as 1n FIGS. 1A to 1C, the unloading chamber and
load lock chamber are not shown 1n FIGS. 2A, 2B, 3A, and
3B. The various valves here are again shown white when 1n
an open state and black when closed.

First, the steps shown in FIGS. 2A and 2B will be
described. FIG. 2A 1llustrates the same step as that described
with reference to FIG. 8A above. In FIG. 2A, the exhaust
valve 42 1s open and the turbo pump 40 1s operating.
Meanwhile, the master valve 21a, the fifth valve 130, and
the first valve 230 are closed, so that the supply of cooling
gas to the openings 24 1s shut ofl. In this state, the sixth valve
132 1s opened to purge the cooling gas from between the
plurality of openings 24 and the first valve 230 and fifth
valve 130. It 1s also preferable 1f the second valve 232 1s
closed 1 the step shown in FIG. 2A.

Also, 1n the second embodiment, the master valve 215 1s
opened to supply cooling gas from the cooling gas supply
source to the second valve 232 of the second cooling gas line
218. In the structure shown 1n FIG. 2A, the hatched portion
of the second cooling gas line 218 1s the portion filled with
cooling gas. Since the master valve 21a 1s closed, everything
up to the master valve 21q 1n the first cooling gas line 216
1s filled with cooling gas.

The states of the various valves and the portions through
which cooling gas flows are indicated with hatching in
FIGS. 2B, 3A, and 3B, just as in FIG. 2A.

The sixth valve 132 1s then closed and the step 1n FIG. 2A
1s complete, after which the second valve 232 1s opened. In
the structure of the second cooling gas line 218 as described
above, when the second valve 232 1s opened, the cooling gas
flows to the first valve 230 provided following this valve
232. In the step 1n FIG. 2B, the second valve 232 1s closed
in a state 1n which the cooling gas has flowed to the first
valve 230, so that the cooling gas fills the space between the
first valve 230 and the second valve 232. The clamping
apparatus 28 that fixes the etched substrate 26 on the
clectrode 12 1s released.

After this the steps shown 1n FIGS. 3A and 3B are carried
out. In the step 1n FIG. 3A, which 1s performed after the step
in FIG. 2B, the substrate 26 1s transierred to the unloading
chamber. At this point the upper surtace of the electrode 12
becomes exposed inside the reaction chamber 10, just as
described previously 1n FIG. 1B. Consequently, there 1s the
danger that deposits may find their way into the openings 24
and adhere thereto.

In view of this, with the second embodiment, the turbo
pump 40 1s operating and the exhaust valve 42 1s open
during the non-etching period, as shown in FIG. 3A. The
first valve 230 1s opened 1n this state. As a result, the cooling
gas that filled the space between the first valve 230 and the
second valve 232 in the step in FIG. 2B enters the openings

24 of the electrode 12. In FI1G. 3A, the arrows attached to the
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openings 24 indicate how the cooling gas supplied from the
second cooling gas line 218 passes through the openings 24.
The cooling gas filling the space between the first valve 230
and the second valve 232 1s under high pressure. The
high-pressure cooling gas 1s supplied to the openings 24 in
the second embodiment. Therefore, the eflect of the second
embodiment 1s that deposits are prevented from getting into
the openings 24 while the upper surface of the electrode 12
1s exposed 1nside the reaction chamber 10, and any deposits
that do find their way into the openings 24 are blown out of
the openings 24. The step 1n FIG. 3 A 1s halted by closing the
first valve 230. In the step 1n FIG. 3A, the master valve 21a,
the fifth valve 130, the sixth valve 132, and the second valve
232 are closed. The master valve 21b, though, 1s open.

With the-second embodiment, the gas line 222 1s utilized
to repeat the steps 1n FIGS. 2B and 3A until the substrate 26
has been conveyed from the load lock chamber into the
reaction chamber 10. This prevents deposits from getting
into the openings 24 during the non-etching period. This
repeated performance of the steps 1 FIGS. 2B and 3A 1s
called flushing.

After this, 1n the step shown 1n FIG. 3B, the first valve 230

1s closed to conclude the supply of cooling gas to the
openings 24. Immediately after this conclusion, the substrate
26 conveyed from the load lock chamber 1s placed on the
clectrode 12 as indicated by the white arrow in these
drawings. Furthermore, 1n the step shown in FIG. 3B, the
state of other valves besides the first valve 230 and that of
the turbo pump remain the same as before. The master valve
215, however, may be closed.

As described above, with the second embodiment, the
same ellect as 1n the first embodiment can be obtained by
preventing deposits from getting into the openings 24. Also,
with the second embodiment, any deposits that do find their
way 1nto the openings 24 can be repeatedly blown out of the
openings 24 by flushing, which eflectively prevents the
deposits from adhering inside the openings 24.

Further, it 1s possible for the first cooling gas line 216 and
the second cooling gas line 218 to consist of a single line
with the second embodiment discussed above. 11l this case,
the line will be structured the same as the cooling gas line
120 in the first embodiment shown 1n FIG. 1A. Here, 1t 1s
preferable to use the fifth valve 130 as the first valve and to
install the second valve on the MFC 36 side following the
fifth valve 130. A structure such as this reduces the number
of lines through which the cooling gas and so forth flow, and
simplifies the apparatus.

Meanwhile, as described previously, the flux of the cool-
ing gas 1s controlled by providing the MFC 36 to the first
cooling gas line 216. If the first cooling gas line 216 and the
second cooling gas line 218 consist of a single line as
mentioned above, 1t 1s preferable for the pressure of the
cooling gas to be low enough not to place a burden on the
MFC 36. Here, with the structure described through refer-
ence to FIGS. 2A, 2B, 3A and 3B, since the first cooling gas
line 216 and the second cooling gas line 218 are provided as
separate lines, the cooling gas can be kept at the desired
pressure 1n the second cooling gas line 218. Thus, compared
to when the first cooling gas line 216 and the second cooling,
gas line 218 consist of a single line, a better eflect can be
obtained by flushing the cooling gas out of the openings 24
as discussed above.

Further, with the second embodiment, deposits may be
prevented from getting into the openings 24 1n the pre-
ctching period by the same procedure as in the steps

described through reference to FIGS. 2B and 3A. In this
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case, any deposits that have found theirr way into the
openings 24 can be prevented from adhering thereto in the
pre-etching period.

Third Embodiment

A third embodiment of the present invention will now be
described. FIGS. 4 and 5§ 1illustrate the flow of steps pertain-
ing to the third embodiment.

First, the constitution of the third embodiment will be
described with reference to FI1G. 4A. The constitution shown

in FIGS. 4B, 5A, and 5B 1s the same as that described below.

The electrode deterioration prevention mechanism in the
third embodiment 1s constituted the same as in the first
embodiment described with reference to FIG. 1A above.
Thus, 1n FIGS. 4A and 4B and FIGS. 5A and 5B, those
constituent elements that are the same as 1n the first embodi-
ment are numbered the same as 1n the first embodiment, and
redundant description will be omuitted.

In the third embodiment, a gas line 322 comprises a gas
supply line 326 and the exhaust line 18. It 1s preferable for
the exhaust line 18 to be constituted the same as 1n the first
embodiment. Thus, that part of the constitution of the
exhaust line 18 that 1s the same as 1n the first embodiment
1s numbered the same 1n FIG. 4A, and redundant description
will be omatted.

Also, with the third embodiment, it 1s preferable 11 the gas
supply line 326 comprises a cooling gas line 320 and a
cleaning gas line 324. The cooling gas line 320 1s connected
to a cooling gas supply source (not shown), and the cleaning
gas line 1s connected to a separate gas supply source (not
shown).

The cleaming gas line 324 1s connected between the
cooling gas line 320 and the fifth valve 130 and openings 24.
In this example, the structure other than the cleanming gas line
324 is the same as that of the cooling gas line 120 shown 1n
FIGS. 1A to 1C, and the operation 1s also the same. Thus, the
structure 1 FIG. 4A that 1s the same as that of the cooling
gas line 120 1s numbered the same 1 FIGS. 1A to 1C, and
redundant description will be omitted. The cooling gas used
in the third embodiment 1s preferably a rare gas, just as 1n the
conventional example described through reference to FIGS.
7A, 7B, 8A and 8B.

As shown i1n FIG. 4A, in the third embodiment the fifth
valve 130 1s provided following the plurality of openings 24
along the cooling gas line 320. The cooling gas line 320 is
connected to the cleaning gas line 324 via the fifth valve 130.

Further, the line from the fifth valve 130 on, going toward
the cooling gas supply source with respect to the plurality of
openings 24 along the cooling gas line 320, 1s provided 1n
parallel with the line from a seventh valve 330 on, going
toward the cleaning gas supply source with respect to the
plurality of openings 24 along the cleaning gas line 324. The
cleaning gas line 324 comprises the seventh valve 330, an
cighth valve 332, and a cleaning gas supply source 342 that
forms and supplies active gas from the gas that comes 1n,
with these components being provided 1n that order from the
openings 24 side toward the cleaning gas supply source side.
The cleaning gas supply source can instead be one in which
active gas has already been stored, rather than one of the
type that activates incoming gas.

Next, the operation of the various constituent elements 1n
the electrode deterioration prevention mechanism of the
third embodiment will be described through-reference to the

step flow shown 1 FIGS. 4A, 4B, 5A and 3B. The steps
illustrated 1n FIGS. 4A, 4B, 5A, and 5B will be described for
a case 1n which these steps are performed 1n the post-etching
period following completion of the series of etching steps
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described through reference to FIGS. 7A, 7B, 8A and 8B,
just as 1n the first embodiment. Also, just as 1n FIGS. 1A to

1C, the unloading chamber and load lock chamber are not
shown 1n FIGS. 4A, 4B, 5A, and 5B.

First, the steps shown i FIGS. 4A and 4B will be
described. FIG. 4A illustrates the same step as that described
with reference to FIG. 8A above. In FIG. 4A, the master
valve 21 and the fifth valve 130 of the cooling gas line 320
are closed. The seventh valve 330 of the cleaning gas line
324 is also closed. Theretore, the supply of cooling gas to
the openings 24 1s shut ofl. In this state, the sixth valve 132
1s opened to purge the cooling gas from between the seventh

valve 330 and fitth valve 130 and the plurality of openings
24.

Also, with the third embodiment, cleaning gas 1s supplied
from the cleaning gas line 324 to the openings 24 through
the seventh valve 330. The supply of cleaning gas from the
cleaning gas line 324 will be described 1n detail below.

In the structure shown 1n FIG. 4A, the hatched portion of
the cleaming gas line 324 is the portion filled with cleaming
gas. In the step 1llustrated 1n FI1G. 4A, the seventh valve 330
1s closed and the eighth valve 332 is open, so the cleaning
gas tlows from the cleaning gas supply source 342 to the
seventh valve 330.

The states of the various valves and the portions through

which cleaning gas flows are indicated with hatching in
FIGS. 4B, 5A, and 5B, just as 1n FIG. 4A.

Then, 1n the step 1 FIG. 4B, the sixth valve 132 1s closed
and the step 1n FIG. 4A 1s complete. The etched substrate 26
1s fixed on the electrode 12, and the seventh valve 330 1s
opened while the fifth valve 130 remains closed. With the
cleaning gas line 324 structure discussed above, the cleaning
gas 1s supplied to the openings 24 when the seventh valve
330 1s opened. At this point, as shown i FIG. 4B, the
cleaning gas also flows between the fifth valve 130 and sixth
valve 132 and the openings 24.

With the third embodiment, it 1s preferable to use a highly
reactive gas such as ozone (O;) as the cleaning gas. As
described previously, deposits that could be adsorbed to or
build up on the openings 24 during the non-etching period,
in which no etching i1s performed, include separated com-
ponents from the reaction product produced in the reaction
during etching. Any deposits that do adsorb to or build up on
the openings 24 will react with the cleaning gas when the
cleaning gas flows into the openings 24. As a result, deposits
adsorbed to or built up on the openings 24 are removed.

The step 1 FIG. 4B 1s concluded by closing the seventh
valve 330. After this the steps shown 1 FIGS. SA and 3B are
performed.

In the step in FIG. SA, the seventh valve 330 and the fifth
valve 130 are closed. The substrate 26 1s fixed on the
clectrode 12. In this state, the sixth valve 132 1s opened so
that the cleaning gas between the seventh valve 330 and fifth
valve 130 and the openings 24 will be purged to the exhaust
line 18. After this, the sixth valve 132 1s closed and the step
in FI1G. 5A 1s complete. The eighth valve 332 may be closed
at this point.

Then, 1n the step 1n FIG. 5B, the clamping apparatus 28
fixing the substrate 26 is released 1n a state 1n which the
seventh valve 330, the fifth valve 130, and the sixth valve
132 are closed. The step 1in FIG. 5B 1s complete at the point
when the substrate 26 1s transierred to the unloading cham-
ber. The eighth valve 332 may be closed at this point.

With the third embodiment, the same step as that
described through reference to FIG. 1B 1n the first embodi-
ment 1s carried out in the cooling gas line 320 1n the step in
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FI1G. 5B. Therefore, the third embodiment has the same
ellect as the first embodiment.

Furthermore, with the third embodiment, upon comple-
tion of the etching in the reaction chamber 10, as a post-
ctching step, cleaning gas 1s mtroduced through the proce-
dure discussed above, and any deposits that have adsorbed
to or built up on the openings 24 are removed. As a result,
in the third embodiment, deposits can be eflectively pre-
vented from adhering to the openings 24 by removing
deposits from the openings 24 as a post-etching step.

With the third embodiment described above, in the step
shown 1n FIG. 5B, with the fifth valve 130 and the sixth
valve 132 closed, 1t 1s also possible for the seventh valve 330
to be opened so that cleaning gas flows from the cleaning gas
line 324 to the openings 24. In this case, since a highly
reactive gas 1s used for the cleaning gas as mentioned above,
the mside of the reaction chamber 10 must be thoroughly
purged so that no cleaning gas remains prior to the etching
of the substrate 26 conveyed in from the load lock chamber.

Also, with the third embodiment described through ret-
erence to FIGS. 4A to 4C and FIGS. 5A and 5B, it 1s possible
for the cooling gas line 320 and the cleaning gas line 324 to
be combined 1nto a single gas supply line 326. In this case,
the gas supply line 326 is constituted the same as the gas
supply line 120 1n the first embodiment shown in FIG. 1A.
Therefore, with this constitution, either just the cooling gas
or just the cleaning gas can be used as the gas that prevents
the adsorption or build-up of deposits 1n the openings 24.
Also, a structure such as this reduces the number of lines
through which the cooling gas and so forth flow, and
simplifies the apparatus.

Fourth Embodiment

The etching apparatus of the present invention will now
be described as a fourth embodiment. The etching apparatus
in the fourth embodiment has the electrode deterioration
prevention mechanism previously described in the first to
third embodiments. With this etching apparatus, upon
completion of the series of etching steps described through
reference to FIGS. 7A, 7B, 8A and 8B in the reaction
chamber 10, the series of steps described 1n the first to third
embodiments 1s carried out during the non-etching period.

As described above, the electrode deterioration preven-
tion mechanism of the first to third embodiments prevents
deposits from adhering to the plurality of openings 24 1n the
clectrode 12. Thus, with the etching apparatus 1n the fourth
embodiment, changes in the size, number, and layout of the
plurality of openings 24 1n the electrode 12 are suppressed,
and therefore any decrease in the cooling efliciency of the
substrate 26 during the etching performed in the reaction
chamber 12, and any deterioration in the electrode 12 that
would be caused by a change 1n the etching characteristics
can be prevented.

Variation Examples

Varnations on the present invention will now be described
with reference to FIGS. 6 A and 6B. FIG. 6A 1s a lateral cross
section giving a detaill view of the openings 24 in the
electrode 12 1n the various embodiments described above,
and 1illustrates the shape of the openings 24.

FIG. 6B 1s a lateral cross section giving a detail view of
openings 624 in a vanation example, and 1illustrates the
shape of these openmings 624.

As shown 1n FIG. 6A, the plurality of openings 24a, 245,
24c, 24d, and 24e in the various embodiments described
through reference to FIGS. 1A to 5B are provided to a
substrate holder (also called a substrate support) of the
clectrode 12, parallel to each other and going through the gas
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supply line (120, 220, or 326). These openings are formed at
a specific width x in the vertical direction, from the gas
supply line side toward the top of the electrode 12, that 1s,
toward the side of the electrode 12 facing the substrate 26.
However, the shape of the openings 24 1s not limited to that
discussed above, and can also be as shown 1n FIG. 6B.

Of the plurality of openings 624a, 624b, 624c¢, 6244, and
624¢ that make up the openings 624 shown i1n FIG. 6B, the
structure of the single opening 6245 will be described. The
other openings 624a, 624c¢, 624d, and 624¢ shown 1 FIG.
6B are structured the same as this opening 6245 described
below.

Just as with the openings 24 discussed above, the opening
624b 1s provided vertically, from the gas supply line (120,
220, or 326) side toward the top of the substrate holder 12a
of the electrode 12. The width of the opening, though, is
increased at the inlet and/or the outlet of the substrate holder
12a. Therefore, the width of the middle part of this opening
1s X, while the maximum expanded width at the inlet and
outlet 1s X' (where x'>x). The shape of the inlet and outlet of
the opening 1s, for example, a tapered curve, which varies
continuously between the middle and the inlet or outlet.

If we look at the opening 245b, for instance, out of the
plurality of openings shown 1n FIG. 6 A, deposits gradually
adhere 1n this opening 245 during the non-etching period,
from the top toward the bottom of the electrode 12. There-
fore, a comparison of the opening 245 and the opening 6245
reveals that the effect that the above-mentioned adherence of
deposits has on the change in shape 1s less with the opening
624b shown i FIG. 6B. The above-mentioned change in
shape means a reduction 1n the width of the opening 245 or
the opening 624b due to the adherence of deposits.

As described above, changes 1n the size, number, layout,
and so forth of the openings caused by the adherence of
deposits greatly aflects the cooling efliciency of the substrate
26 and the etching characteristics. Thus, with this variation
example shown in FIG. 6B, since the above-mentioned
change 1n the shape of the opening 6245 1s reduced, the
ellect that such change has on the etching characteristics and
on the cooling efliciency of the substrate 26 can be mini-
mized.

What 1s claimed 1s:

1. A method for preventing deterioration of an electrode
that 1s provided 1n a reaction chamber of an etching appa-
ratus, the electrode supports a substrate being etched and 1s
provided with a plurality of opemings, the method compris-
ng:

providing a gas supply line communicating with each of

the openings as including a first cooling gas line, and a
second cooling gas line including a first valve provided
on an electrode side of the gas supply line and a second
valve provided on a gas supply source side of the gas
supply line; and

preventing deposits from adhering in the opemings by

repeating to fill a space between the first valve and the
second valve with a cooling gas, and to supply the
cooling gas filling said space through each of the
plurality of openings in the electrode by opening the
first valve after an etching treatment until a next
substrate has been conveyed 1nto the reaction chamber.

2. The method for preventing deterioration of an electrode
in an etching apparatus according to claim 1, further com-
prising;:

purging the cooling gas or an exhaust gas from the

reaction chamber through an exhaust line communicat-
ing with the gas supply line.
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3. The method for preventing deterioration of an electrode
in an etching apparatus according to claim 2, further com-
prising:

using the cooling gas for cooling the substrate during

etching, the cooling gas being supplied via the gas
supply line.

4. The method for preventing deterioration of an electrode
in an etching apparatus according to claim 3, further com-
prising:

controlling flow of the cooling gas after the etching

treatment until the next substrate has been conveyed
to the reaction chamber to between 1.69x10™" and
8.45x10 Pa (m°/s) using a mass flow controller pro-
vided along the gas supply line.

5. The method for preventing deterioration of an electrode
in an etching apparatus according to claim 3, further com-
prising:

precharging the cooling gas between the first valve and

the second valve.

6. The method for preventing deterioration of an electrode
in an etching apparatus according to claim 2, further com-
prising:

supplying the cooling gas from the first cooling gas line

for cooling the substrate during etching; and

supplying the cooling gas precharged in the second cool-
ing gas line between the first valve and the second valve
after the etching treatment until the next substrate has
been conveyed into the reaction chamber.

7. The method for preventing deterioration of an electrode
in an etching apparatus according to claim 3, further com-
prising repeating to supply the cooling gas a specific number
of times during said preventing deposits.

8. The method for preventing deterioration of an electrode
in an etching apparatus according to claim 6,

wherein said supplying the cooling gas from the first
cooling gas line and said supplying the cooling gas
from the second cooling gas line are each repeated a
specific number of times.

9. The method for preventing deterioration of an electrode
in an etching apparatus according to claim 2, further com-

prising supplying a cleaming gas from a cleaning gas supply
line.

10. The method for preventing deterioration of an elec-
trode 1n an etching apparatus according to claim 3, further
comprising;

providing the gas supply line as including a cleaning gas

line; and

supplying cleaning gas from the cleaning gas line to each

of the openings 1n a state in which the substrate 1s
supported on the electrode after the etching treatment

until the next substrate has been conveyed into the
reaction chamber.

11. The method for preventing deterioration of an elec-
trode 1n an etching apparatus according to claim 1, further
comprising:

purging another gas through the plurality of openings

betfore etching of the substrate, to prevent deposits from
adhering to the plurality of openings.

12. The method for preventing deterioration of an elec-
trode according to claim 11, wherein the another gas 1s the
cooling gas.

13. The method for preventing deterioration of an elec-
trode according to claim 12, further comprising:

supplying the cooling gas through the plurality of open-
ings to cool the substrate during etching.
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14. The method for preventing deterioration of an elec- supplying the cooling gas through the plurality of open-
trode according to claim 11, wherein the another gas 1s a ings to cool the substrate during etching.

cleaning gas.
15. The method for preventing deterioration of an elec-
trode according to claim 14, further comprising;: £ %k k ok
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